Five different anaerobic culture methods and several different media were compared for their ability to recover anaerobes from clinical specimens. Specimens were obtained from patients with documented infections, avoiding contamination with normal flora, and immediately placed in an anaerobic transporter. Each specimen was cultured by all methods and on all the various media. The comparative data indicate that anaerobic jars (GasPak and evacuation-replacement types) are just as effective in the recovery of clinically significant anaerobes as the more complex roll-tube and chamber methods employing prereduced media. Liquid media were disappointing as a "back-up" system but chopped-meat glucose was superior to two thioglycolate formulations. Growth of all anaerobes was poorer on selective media, but these media were very helpful in the workup of specimens containing mixed growth of anaerobic and facultative organisms. A variety of different anaerobes was isolated, but no very fastidious or extremely oxygen-sensitive organisms were recovered. This suggests that such organisms may not play a significant role in causing clinical infections.
There has been an increased interest in the role of anaerobic bacteria in clinical infections in recent years. However, the true incidence of anaerobic infections is unknown. Older studies (4, 7, 14) provided incidence figures of 2 to 10%, whereas a recent report (11) indicated recovery of anaerobes from 85% of clinical specimens. These studies have all had serious deficiencies including inadequate methods of collection, transport, culture, and identification or a lack of clinical correlation with the culture results, or both.
One of the major impediments to an expansion of our knowledge about anaerobic infections is the rather poor state of anaerobic bacteriology in most hospital microbiology laboratories. Many of these laboratories would like to improve their anaerobic techniques, but are uncertain as to which methods are necessary and are technically and economically feasible. While some workers have decried the inadequacies of jar and liquid methods and recommended the more complex roll tubes and anaerobic chamber, others have protested that these latter methods are too complex, time consuming, and expensive for routine use.
The study which follows was designed to determine which methods of anaerobic culture 77 are adequate for the recovery of clinically significant anaerobic bacteria. Precautions were taken to obtain specimens free from contamination with normal flora (where anaerobes abound) and to protect specimens from oxygen by transporting them in anaerobic containers. Close observation of patients by infectious disease physicians permitted an evaluation of the clinical significance of the anaerobes isolated. Each specimen was cultured using liquid media, anaerobic jars, roll tubes, and an anaerobic chamber utilizing both selective and nonselective media. The recovery of anaerobes by these different methods was then compared.
MATERIALS AND METHODS
Clinical specimens. Specimens were obtained from hospitalized patients of the Infectious Disease Section of Wadsworth Hospital Center. Each patient, with one exception (see below), had a clinical course consistent with an anaerobic infection. All specimens were obtained avoiding contamination with normal flora. Transtracheal aspiration (TTA) and thoracentesis were used for pulmonary specimens. Closed abscesses were aspirated using a needle and syringe. Peritoneal fluid was aspirated by transabdominal percutaneous needle puncture and tissue specimens were obtained using aseptic surgical techniques. As soon as the specimens were ROSENBLATT, FALLON, AND FINEGOLD obtained, they were injected into a double-stoppered transport tube containing oxygen-free CO2 or N2 (2) . One milliliter of prereduced anaerobically sterilized (PRAS) peptone yeast glucose medium was included in tubes used for transport of very viscous specimens or those with a volume of less than approximately 1 ml. Tissue specimens were placed in the anaerobic "mini-jar" described by Attebery and Finegold (3) . Transport containers were taken directly to the Anaerobic Microbiology Laboratory and immediately processed or stored at 4 C usually for no longer than 2 hr.
Processing of specimens. The transport tube was placed in the anaerobic chamber where the specimen was transferred, using a needle and syringe, to a second rubber-stoppered tube (appropriate for later use with a gassing cannula). The chamber used was similar to that described by Aranki et al. (1) . Anaerobiosis was monitored by use of methylene blue indicator strips (BBL, Division of Becton, Dickinson and Co.). The chamber plated media were then inoculated using a standard 0.01-ml stainless-steel loop. This same inoculum was used for all plates and tubes included in this study. Plates were then streaked and placed inside a GasPak (BBL) anaerobic jar which was sealed. Palladium-coated alumina pellet catalysts were included in the jar which, along with the remaining specimen, was then removed from the chamber. Our chamber had no heating unit and was not suitable for incubation purposes. The roll tubes were then inoculated according to procedures described in the Outline of Clinical Methods in Anaerobic Bacteriology (V.P.I. Anaerobic Laboratory, Blacksburg, Va. 2nd. revision, June, 1970). The specimen tube was continuously gassed out with oxygen-free CO, during the time when the stopper was removed. Tube roller, roll-tube streaker, and gassing-out apparatus were constructed after the design described in the Outline.
The remainder of the specimen was then used on the open bench to inoculate plates for the GasPak jar and a jar made anaerobic by a system of evacuation of air and replacement with an oxygen-free gas mixture. The GasPak jars were set up by simply adding 10 ml of water to the commercial packet (hydrogen-CO2 generator) and enclosing this in the jar which was then sealed. The evacuation-replacement jars were sealed and then a vacuum of 26 to 28 inches of Hg was drawn. The jar was then filled with oxygen-free N., and the procedure was repeated four times. The fifth fill was with a gas mixture containing 80% N2, 10% H2, and 10% CO2. Each time an anaerobic jar was set up a "rejuvenated" catalyst packet was used. These palladium-coated alumina pellets were rejuvenated by heating to 160 C for 2 hr. A methylene blue indicator strip was enclosed in each jar.
The liquid media were the last to be inoculated. The tubes of thioglycolate media were boiled for 5 min before using, and the stopper was removed only long enough to allow inoculation. Plates for isolation of facultative organisms were inoculated with the remaining specimen. All containers were incubated at 37 C.
Media. The following set of four plates was inoculated for both the GasPak and the evacuationreplacement anaerobic jars: a Brucella blood-agar plate containing menadione (BMB), a neomycin blood-agar plate (NEO), and a laked blood-agar plate containing vancomycin and kanamycin (LKV). The preparation of these media has been described by Finegold (6) . A fourth plate consisted of the standard BMB medium to which 0.1% dithiothreitol (D'IT) and 0.1% cysteine were added. Moore (10) has shown that the inclusion of DTI in blood-agar plates facilitates recovery of the fastidious anaerobe Clostridium novyi, type B, in the anaerobic jar. Plate media were stored by wrapping in mylar bags with the top folded over and taped and refrigerated at 4 C. They were generally used within 1 week of preparation.
Three kinds of liquid media were utilized. Commerical (BBL 11260) "regular" fluid thioglycolate medium (R-thio) was prepared according to the manufacturer's directions. A so-called "concentrated thioglycolate" (C-thio) was prepared by adding 29.5 g of the commercial fluid thioglycolate medium and 1 ml of a hemin solution to 750 ml (rather than the usual 1 liter) of distilled water. To each 9-ml tube of this medium was added 1 to 3 ml of sterile ascitic fluid and 0.01 ml of menadione. PRAS chopped-meat glucose (CMG) medium was either purchased from Scott Laboratories (Chapel Hill, N. C.) or prepared in our laboratory. The PRAS CMG was not gassed out with CO2 during the time the stopper was removed for inoculation. In spite of this, less than optimum procedure, the resazurin indicator did not become oxidized. PRAS media were prepared according to methods in the V.P.I. Outline for CMG, roll tubes, and plated media used in the anaerobic chamber. The composition of PRAS BMB, LKV, and NEO was similar to that of the non-PRAS media except that sodium thioglycolate and cysteine hydrochloride were included as reducing agents. Roll tubes contained PRAS brain heart infusion agar (BHIA), BMB (utilizing laked blood), LKV, and NEO (also utilizing laked blood) media. These tubes were stored as agar deeps until ready for use at which time they were melted down and, as required, laked blood, menadione, and vancomycin were added and mixed, and the tubes were placed on the tube roller apparatus. PRAS media for the anaerobic chamber (BMB, LKV, and NEO) were placed inside the chamber while still in the heated liquid form where the plates were poured. After the plates had solidified, they were placed in anaerobic jars, removed from the chamber, and stored in the dark at room temperature. In the second half of the study a home canning apparatus was used to seal the plates inside gas-tight aluminum cans which could then be refrigerated at 4 C.
Identification of anaerobes. Identification of the nonsporeforming gram-negative rods was by methods outlined by Sutter and Finegold (15) four intraabdominal abscesses including two subphrenic abscesses, a liver abscess, and an abscess adjacent to the bowel. Four other abscesses included a brain abscess, an abscess of the retroperitoneal space, an abscess of the chest wall, and a lung abscess which was surgically drained. There were three specimens of peritoneal fluid obtained by transabdominal needle puncture. Five other specimens included an aspiration of a sinus tract leading to a site of osteomyelitis, pus from an empyema cavity drained surgically, a surgically obtained tissue specimen (soft tissue infection and osteomyelitis involving the foot), an aspiration of the gallbladder, and an aspiration of material from an area of cellulitis and gangrene of a toe. Of the total of 23 specimens, 9 were from infections in the respiratory tract and another 9 were from infections directly related to the intestinal tract or hepatobiliary system. Because our hospital is primarily composed of male veterans, we processed no specimens from the female genital tract which is a not uncommon site of anaerobic infection.
Anaerobic culture data. A single anaerobe was recovered in pure culture in four specimens. Multiple anaerobes were found in a single specimen. A single anaerobe and one or more facultative organisms were recovered from four specimens and multiple anaerobes and facultative organisms were recovered from 14 others. Five of the 23 specimens contained only anaerobes and 18 contained mixtures of anaerobes and facultative organisms. Thirteen of these 18 specimens contained multiple facultative organisms. Table 1 lists the 51 different isolates of anaerobic bacteria recovered from the 23 specimens. Twenty-seven of these were nonsporeforming gram-negative rods; included were 12 isolates of Bacteroides fragilis, 10 isolates of B. melaninogenicus, 4 isolates of Fusobacterium nucleatum, and 1 isolate of F. necrophorum. There were four isolates belonging to the genus Clostridium, including one isolate each of C. perfringens, C. ramosum, C. subterminale, and a Clostridium which was not speciated. There were six isolates of the genus Propionibacerium, and three of these were identified as P. acnes whereas three others were not speciated. Three members of the genus Eubacterium were recovered but were not speciated. Eleven anaerobic cocci were isolated including two so-called "microaerophilic streptococci." These organisms would not grow on plates incubated in room air but grew on anaerobic plates and in the presence of 2 to 5% CO2. There were three isolates of Peptococcus asaccharolyticus. The four Peptostreptococcus isolates included two P. magnus, one P. intermedius, and one P. anaerobius. An additional gram-positive organism could be identified no further than "anaerobic coccus." There was one isolate of a nonspeciated Veillonella. In addition to the 51 isolates included in this study, we have also recovered isolates of B. oralis, B. corrodens, and P. prevotii from clinical specimens by the GasPak method.
Comparative data. Tables 2 to 4 illustrate the comparative recovery of the anaerobes by the various isolation methods. The three different liquid media are presented here as separate "methods." Growth in any of the media used in a given method was considered evidence of recovery by that method. Table 2 shows that the R-thio and C-thio Table 3 provides data on the recovery of gram-positive nonsporeforming rods and Clostridium. The liquid media failed to grow one isolate of P. acnes and one isolate of C. ramosum. In addition, the roll tubes failed to grow one isolate of C. perfringens and one isolate of C. ramosum for a recovery rate of 50% for Clostridium. Recovery rates, with the above exceptions, were 100%, and there were no consistent differences in yield by semi-quantitative grading.
The data for the anaerobic cocci is given in Table 4 . Recovery was 100% by each method with the following exceptions: the liquid media and roll tubes failed to grow two isolates of Peptostreptococcus (P. intermedius and P. anaerobius) and one isolate of P. asaccharolyticus for recovery rates of 50% (33% for CMG) and 67%, respectively. The semiquantitative grading system revealed no differences in yield by the different methods.
The liquid media were disappointing as a "backup" method. There were only two instances in which isolates not recovered by other methods grew in liquid media. On the other hand, there were eight isolates recovered by at least one of the other methods which were not isolated from liquid media. Table 5 provides data on the recovery of all anaerobic isolates by different media. Data for the GasPak jar and the evacuation-replace- ' Same isolate not grown by each of these methods. ' Indicates this method not done with one specimen. ment jar are grouped together under "Anaerobic Jars" since the same media were used in both. Growth in one jar but not the other is represented by fractional numbers, i.e., 7.5, 8.5, etc. The growth of B. melaninogenicus was consistently poorer on selective media (LKV and NEO) with recovery rates of 40 to 78% compared to 71 to 90% on nonselective media. The same situation existed with B. fragilis and LKV media with rates of 46 to 63% compared to 71 to 83% for the other media.
Isolates of Eubacterium did not grow on NEO and Clostridium did not grow on LKV. In addition, the recovery of all the gram-positive rods was consistently poorer on the selective media (LKV and NEO) than on other media (rates of 0 to 50% compared to 50 to 100%).
Colony size was not noticeably larger nor did colonies appear earlier on one type of medium or in one specific method than in any of the others. The possible exception is DTT where colonies of many different organisms appeared slightly larger than on other media. However, this size difference was not considered significant and growth on DTT was not superior by semi-quantitative grading or earlier appearance of colonies.
Although recovery of most anaerobes was somewhat poorer on the selective media (LKV and NEO), these media were considered very useful. In particular, specimens containing heavy growth of facultative organisms were more easily evaluated using selective media which inhibited the growth of most of these organisms. The inclusion of laked blood in the LKV medium greatly enhanced the appearance of the pigment of B. melaninogenicus, making colonies of this organism easily recognizable. The combined use of selective and nonselective media was very helpful in the isolation of all organisms, including those inhibited on LKV and NEO.
Roll tubes were technically more difficult and more time consuming to work with than the other methods. Colonies were often not well separated and difficult to pick cleanly with an (1) have all demonstrated the superiority of the use of PRAS media in roll tubes or the anaerobic chamber for recovery of anaerobes over conventional jar methods. However, these studies dealt with normal intestinal flora, not clinical specimens.
The data presented in the present study suggest conclusions somewhat different from those of the above-mentioned reports. Our data indicate that, when clinical specimens are obtained avoiding contamination with normal flora, are immediately placed under anaerobic conditions, and are transported in an anaerobic container, the recovery of anaerobes with the jar method is as good as with PRAS media in roll tubes or on plates in the anaerobic chamber. Criticism of the anaerobic jar method is based primarily on exposure of the specimen to oxygen during inoculation and the oxidized state of the media. Additional time is required before the atmosphere in the jar becomes reduced. However, apparently most (and perhaps all) clinically significant anaerobes can survive and grow under these conditions, providing the specimen is placed in an anaerobic atmosphere as soon as it is obtained, i.e., through the use of anaerobic transport containers.
Since each of our patients was followed by the Infectious Disease Section, we were able to insure that the anaerobic isolates included in this study came from clinically significant infections. A single exception was a pure culture of Propionibacterium spp. recovered from a TTA. This patient's course suggested his lung disease had a noninfectious etiology. Propionibacterium was also recovered from five other specimens but in mixed culture with other anaerobes and (in four instances) facultative organisms. These organisms are part of the normal skin flora, and their role in causing disease has not been adequately determined. However, several authors (11, 12; R. F. Betts, H. Short, and V. R. Dowell, 11th Intersci. Conf. Antimicrob. Ag. Chemother. Proc., p. 71, 1971) have reported experiences suggesting a pathogenic role for Propionibacterium. Our data do not allow us to evaluate the specific role, if any, of our Propionibacterium isolates in the infections with which they were associated.
The anaerobic jar is unquestionably not suitable for study of normal flora which contains organisms more fastidious in their requirements for anaerobiosis and others that are extremely sensitive to oxygen. These so-called extremely oxygen-sensitive anaerobes (H. R. The results of this study should have considerable importance for the clinical laboratory. Adequate anaerobic work can be performed using conventional plates and the anaerobic jar as long as proper collection and transport of specimens is carried out. Strong efforts should be directed towards overcoming deficiencies in the latter two areas. The roll-tube and chamber methods which are time consuming, technically difficult, and require PRAS media and specialized equipment apparently are not necessary for isolation of anaerobes in the clinical laboratory. The technical complexities of working with roll tubes, in fact, were probably responsible for the slightly poorer recovery rates in our study, rather than any inherent defect in the method itself. In spite of the fact that adequate clinical anaerobic bacteriology can be carried out with jars, the chamber and roll-tube methods may be advantageous for laboratories processing large numbers of specimens. Individual roll tubes and plates inside the chamber can be examined without disturbing the anaerobic atmosphere.
Although CMG performed better than the other liquid media, the overall recovery of anaerobes in liquid media was disappointing. There were eight instances in which anaerobes which did not grow in liquid media were recovered by other methods, whereas there were only two instances where the reverse was true. Suboptimal use of CMG may have contributed to this poor record. CMG is a PRAS medium, but we removed the stopper for inoculation without gassing the tube with oxygenfree CO2 or N2. We were attempting to simulate conditions in the average hospital laboratory which would not have a gassing apparatus. However, even brief exposure of PRAS media to oxygen can cause oxidation of the reducing agents (even though our indicators did not become oxidized) leading to a poorer anaerobic environment. The current availability of PRAS CMG in anaerobic vials with rubber diaphragm stoppers (Hyland Division, Travenol Laboratories Inc., Costa Mesa, Calif.) should eliminate this problem. The specimen can be inoculated into the CMG vial, and subcultures can be carried out with a needle and syringe without exposure of either the specimen or medium to oxygen.
The use of selective media (LKV and NEO) in this study was of great benefit in the isolation of anaerobes in the presence of heavy growth of facultative organisms. Considerable time and effort was saved. However, since there is a decrease in recovery of most anaerobes on selective media, a suitably enriched nonselective medium should always be inoculated along with the selective medium.
Based on the results of this study, our current recommendation for adequate processing of clinical specimens by a hospital microbiology laboratory would include the following: (i) emphasis placed on proper collection of specimens for anaerobic culture avoiding contamination with normal flora; (ii) provision for transport of specimens in a container with an oxygen-free atmosphere; (iii) immediate plating of specimens once they are removed from the anaerobic transporter and immediate placement of plates in a jar which is immediately set up for anaerobic conditions; (iv) use of one plate of enriched medium, such as BMB, and at least one plate of a selective medium, such as LKV, as well as a tube of PRAS CMG liquid for each specimen. An acceptable alternative to the immediate setting up of anaerobic jars as soon as a specimen is plated would be the storage of inoculated plates in a CO2-gassed jar, such as that described by Martin (9), until enough plates have accumulated to fill and seal ajar.
